Oil damper is widely used in engineering to dissipate the energy of vibration, increase the stability. Oil damper provide damping force due to the viscosity of the oil or effects of squeezing film. The viscous damping coefficient is one important factor of the viscous damper. The oil damper referred in this paper is one of the important parts of a machine, and the damping coefficient is of great importance to the design of the machine. The damper is an over damped single freedom system with a very small mass. The stiffness and mass of the damper can't be changed due to the structure restrict. This presented paper reports the measurement on the damping coefficient of the referred oil damper. Several measurement methods were compared, and the most appropriate one was chosen. A measurement apparatus composed of an un-contacted exciter, a response sensor, and data acquisition devices was designed and developed, and the damping coefficient was measured successfully.
Introduction
As an important part of many machines to dissipating energy, dampers were developed and applied widely. In architecture engineering, they were used to increase building's aseismatic ability, or lower the vibration caused by wind; in the rotating machinery engineering, they were used to reduce the rotor's vibration and increase the stability. Many kinds of dampers were developed: metallic damper, friction damper, viscous and elastic damper, viscous liquid damper, tuned mass damper, tuned liquid damper (1) , etc. Along with the improvement of technology, many new kinds of dampers were developed, but in engineering especially in rotating machinery engineering, oil damper still play an important role, such as squeeze film damper in aero engine, or viscous damper referred in this paper. The referred damper is an over damped single freedom viscous damper with a very small mass, and the stiffness and mass of the damper can't be changed due to the structure restrict. The damper referred in this paper is one of the important parts of a machine, and the damping coefficient is of great importance to the design of the machine. The object of this paper is to measure the damping coefficient as accurate as possible.
As the movable mass of the damper is known, and the natural frequency is easy to measure, damping coefficient can be calculated easily after damping ratio is measured. So the question of measuring damping coefficient is changed into measuring damping ratio.
There are 3 classes of methods to measure the damping ratio in engineering, by the wave of damped vibration (2) , by the frequency response function and by the resonance (3) .
The frequency response function can be expressed in 5 formats: amplitude-frequency curve, phase-frequency curve, real-frequency curve, imaginary-frequency curve and Nyquist plot.
And these 5 formats have many variations, i.e. the amplitude of amplitude-frequency curve can be displacement velocity or acceleration. And there are 2 methods of measuring damping ratio by phase-frequency curve, (1) measuring the slope of resonance point on phase-frequency curve, (2) measuring the half power bandwidth of phase-frequency curve. Some of these choices are only applicable for under damped systems. There are 3 choices for over damped ratio measurement: (1) by measuring the half power bandwidth of velocity amplitude-frequency curve, (2) by measuring the slope of resonance point on phase-frequency curve, and (3) by measuring the half power bandwidth of phase-frequency curve. Method (1) needs many measurements of amplitude and frequency to obtain the amplitude-frequency curve, thus it will take a long time to finish 1 measurement of damping ratio. Method (3) will be influenced much more than method (2) if two resonance frequencies are close to each other, and will obtain a lower result. Finally the method of measuring the slope of resonance point on phase-frequency curve was chosen to measure the damping ratio of the referred damper.
Measurement Apparatus
Measurement apparatus was set up as figure 1 describes. The harmonic signal of defined frequency and amplitude was produced by signal generator 1, amplified by power amplifier 2, and transferred into un-contacted exciter 3, then the damper 4 was excited and vibrated, the displacement response was measured by eddy current probe 5. The force signal from amplifier 2 and displacement signal from probe 5 was input into data acquisition system 6(DASP, produced by CONIV, Beijing, China, accuracy of frequency: ±0.01%, accuracy of phase: ±0.1° ( 4) ). The phase difference between force and displacement was recorded and the phase-frequency curve was obtained.
Measurement Method and Influence Factors Analysis
The damping ratio can be measured in such way (as figure 2 shows): find the resonance point (on which point the phase is -90°) on the phase-frequency curve, pick 2 point on the curve, point A's phase is smaller than -90° and point B's phase is greater than -90°. The 
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Vol. 2, No. 1, 2008 Frequency of point A is measured as f A , and the frequency of point B is measured as f B , The frequency ratio isλ A andλ B , when the phase difference between point A and B is small enough, the damping ratioξcan be obtained by: The damping ratio ξ calculated by equation (1) is different from the true value of ξ,this difference is the potential error of the measurement method and can not be reduced by averaging the results, this difference is called as system error. The λ measured is different from the true value of λ, and this difference cause 
The Influence of Phase Difference on System Error
The closer is point A and B to the resonance point; the smaller is the system error. Choose point A and B symmetrically by the resonance point( frequency as f A , f B , phase φ A , B =-90°±Δφ), the phase can be expressed as follows: 
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Vol. 2, No. 1, 2008 B and resonance point when damping ratio is 0.1, 1 and 10 respectively. The damping ratio calculated by equation (1) is always larger than the "true" damping ratio. When Δφ approaches to 0, the calculated damping ratio approaches to the true value. When Δφ <9°, the system error is smaller than 1%, and when Δφ decrease to 3°, the system error also decreases to be smaller than 0.1%. The system error is nothing to do with the damping ratio. 
The Influence of the Asymmetry of Phase Difference to the System Error
Point A and B may be chosen symmetrically about the resonance point i.e. φ A ＝-88° and φ B ＝-92°, or asymmetrically i.e. φ A ＝-88°+dφ, φ B ＝-92° or φ A ＝-88°, φ B ＝-92°+dφ. dφ represents how asymmetric the points are. The System error is more sensitive to the asymmetric phase difference than symmetric one. I.e. φ A ＝-88° and φ B ＝-92°, φA orφ B has a bias of dφ, the relative error of damping ratio varies with dφ as figure 4 shows, when dφ=1°, the relative error is already greater than 1%. To ensure the accuracy of damping ratio measurement, it's better to makeφ A andφ B symmetric about 90°.
Factors Influencing the Random Error
Frequency ratioλ A andλ B has the same measurement absolute error Δλ, thus the random error of damping ratioξ can be written as:
) ( 2 ) (1) The damping ratio measurement method of using phase-frequency curve's slope is more appropriate for systems that have large damping ratio, and the accuracy increases with the damping ratio ξ. (2) Increasing the phase difference between point A and B decreases the random error of ξ. On the other hand, increasing of phase difference increases the system error. So there is a best phase difference between point A and B for the most accurate measurement of damping ratio.
Optimization on the Phase Difference Between Point A and B
For a system with certainξ, lower measurement error of λ brings on lower random error ofξ. Increasing of phase difference between point A and B brings on decreasing of random error of ξ and increasing of system error of ξ as shown in figure 6. There is a best value of phase difference on the cross point of random error's curve and system error's
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Vol. 2, No. 1, 2008 328 curve where the system error and random error is balanced. At that point the best measurement accuracy is achieved. As figure 6 shows, when Δλ＝0.002, ξ＝1, the best accuracy is achieved at Δφ≈10°; when Δλ＝0.02, ξ＝1, the best accuracy is achieved at Δφ≈22°. For the referred damper in this paper, we choose point A and B as φ A ＝-80° and φ B ＝-100°. 
Measurement Procedure and Results
Applying the method of using phase-frequency curve's slope, using the apparatus described in this paper, the damping coefficient of the referred damper is measured. In one of the measurements, the exciting force's wave and frequency spectrum is shown as figure 7, the displace response is shown as figure 8, and the phase-frequency curve is shown as figure 9 .
Five dampers are measured, their damping ratio are listed in table 1. From table 1, we can see that the measurement results are highly repeatable, and the damping ratio of these five damper is almost equivalent. The measurement method and the apparatus succeed to measure the damping ratio of over damped system. 
Conclusion
Measurement methods on damping coefficient in engineering were discussed in this paper and finally the method of using phase-frequency curve's slope was chosen for the damping coefficient measurement of the referred damper. The influence factors of system error and random error of damping ratio was discussed and analyzed, finding that: the method of using phase-frequency curve's slope is appropriate for systems with large damping ratio or high resonance frequency. Accurate measurement of frequency brings on accurate measurement of damping ratio. For a system of certain damping ratio and certain
